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This invention relates to novel 1 , 8-naphthyr idine 
compounds having extremely high antibacterial activities 
and processes for preparing said novel compounds. 

The compounds of the invention are 1, 8-naphthyr i- 
5 dine derivatives represented by the formula 

0 




wherein R 1# R 2 and R 3r which may be the same or 
different, are each hydrogen or alkyl having 1 
to 5 carbon atoms; 
10 and esters and pharmaceutical^ acceptable salts thereof. 

The salts of the compounds of the formula (I) or 
their esters may be any salt formed from the compounds of 
formula (I) or their esters with pharmaceutical^ accept- 
able acids or bases. The salts of the compounds of the 
15 invention are the salts derived from organic acids such as 
acetic acid, lactic acid, succinic acid, methanesulfonic 
acid, maleic acid, malonic acid, or gluconic acid; those 
from amino acids Buch as aspartic acid or glutamic acid; 
those from inorganic acids such as hydrochloric acid or 
20 phosphoric acid; metal (e.g. sodium, potassium, zinc, 
silver, etc.) salts; or organic base salts. 

The esters of the compounds of formula (I) in- 
clude not only the substituted or unsubstituted aliphatic 
esters, especially the lower alkyl esters having 1 to 5 
25 carbon atoms such as methyl or ethyl ester, but also 

esters that can be easily converted to the compounds (I) 
by hydrolysis or by enzymatic hydrolysis in vivo, such as 
pivaloyloxymethyl ester, ethoxycarbonyloxyethyl ester, 
aminoethyl esters (e.g. dimethylaminoethyl ester, 
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1-piperidinylethyl ester, etc.), 5-indanyl ester, phtha- 
lidyl Mtir, or hydroxyalkyl esters (e.g. 2-hydroxy ethyl 
ester, 2,3-dlhydroxypropyl ester, etc.). 

The compounds of the invention may also exist as 
hydrates. Hence, these hydrates are also included in the 
compounds of the present invention. 

The compounds of formula (I) and the esters and 
salts thereof will therefore all be generically referred to 
herein as the compounds of this invention. 

The compounds of the invention have at least one 
asymmetric carbon atom on its pyrrolidine ring and there- 
fore exist in optically active forms. The D isomer, L 
isomer as well as mixtures thereof, including the racemic 
mixture, are all included in this invention. 

The compounds of the invention also include those 
having two asymmetric carbon atoms on the pyrrolidine ring, 
and therefore such compounds of the invention can exist as 
stereoisomers having a different configuration. These 
stereoisomers are also included in the compounds of this 
invention. 

Backgroun d of thi> invention 

0. S. Patent 4,341,784 Issued on July 27, 1982 
discloses the following compounds with antibacterial acti- 
vity. 



R-NH F WV C00B 




wherein R is methyl, ethyl or propyl. 

But the compounds of this invention are surpris- 
ingly superior to the above known compounds in their anti- 
bacterial activity as shown hereinafter. 

On the other hand, 0. S. Patent 4,382,937 issued 
on May 10, 1983 discloses that compounds in which the ethyl 
group of the l-position of 1,8-naphthyridine of the fore- 
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going formula hat been converted to the vinyl group have 
antibacterial activity. 

European Laid-open Patent Specification Ho. 49355 
published on April 4, 1982 discloses the following general 
formula 



0 



K 2 < 



■WW 

9 

A 



COOH 



R 1 



In regard to the group ^ N- shown in this for- 

mula, there is however no disclosure at all as to whether 
this is an amino-substituted pyrrolidinyl group and an 
amino and .alkyl-substituted pyrrolidinyl group. 

It is an object of the invention to provide novel 
1,8-naphthyridine compounds (I) having high antibacterial 
activities against both Gram-positive bacteria and Gram- 
negative bacteria, as well as esters and pharmaceutical^ 
acceptable salts thereof, and processes for preparing these 
novel compounds. 

Another object of the invention is to provide a 
pharmaceutical composition which contains an antib&c- 
terially effective amount of a compound selected from 
compounds having the structural formula (I), esters and 
pharmaceutical^ acceptable salts thereof. 

The invention further provides a method for 
treating bacterial infectious diseases which comprises 
administering to warm-blooded animals an antibacterially 
effective amount of the compound of this invention or the 
aforesaid pharmaceutical composition. 

These and other objects of the invention will 
become apparent from the following description. 

The compounds of the invention represented by 
formula (I) include as preferred compounds the following. 
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7-{J-A«lno-l-pyrrolidinyl)-l-cyelopropyl^- 

f luo»o-l , 4^ihydro-4-p«o.l , •.naphthyrldln#.J.ctrbo«yii« 
•old (hereinafter referred to coapound 1) , 

H 2 N ^ 

l-Cyclopropyl-6-£luoro-7-(3-»«thylamino-l- 
py r rol id inyl ) -l , 4-dihydro-4-oxo-l , 8-naphthyr idine-3- 
carboxylic acid (hereinafter referred to as compound 2), 



o 

COOB 



CB.NH A I 

l-Cyclopropyl-7-(3-ethylaBiino-l-pyrrolidinyl)- 
6-f luor o-l , 4-dihydro-4-oxo-l , 8-naphthyr idine-3-carboxylic 
acid, 

C 2 B 5 NB ^ 

7-(3-Amino-2-Bethyl-l-pyrrolidinyl)-l-cyclo- 
propyl-6-f luoro-1 , 4-dihydro-4-oxo-l , 8-naphthyr idine-3- 
A ? carboxylic acid, 



F vVv C00B 



H 2 N CH, " 
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clT m 1 ' 4 " dlh y d 'o^-oxo-l , 8-„aphthyr idin.-3- 

Cboxylio acid Ch.r.i-ft.r r .f. rred te „ l ompo J 3)f 




Propyl c «" (3 " tol f l °" 3 " ,,,eth y I - 1 -Py"^«inyl).i-cyclo. 
xylic acid (hereinafter referred to as compound 4), 



0 

COOH 



CH 3 

NH 



"~r a 



^fluoro.l,4.dihydro-4-oxo-l,8.naphthyridine-3-carboxyllc 

c ^xxS' C00B 

b/ A 
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7-(3-A»ino-4,4-diMthyl-l-pyrrolidinyl)-l-cyclo- 

propyl-«-fiuoro-l f 4-dlhydro.4-o«o.l,8-n.phthyridin*.3- 
carboxyllc acid, 




COOH 



5 



l-cyclopropyl-6-fluoro-7-(3-«ethyl-4-»ethyl- 

a »ino-l.pyrrolidinyl)-l r 4-dihydro-4-oxo-l,8-naphthyridine- 
3-carboxylic acid, 




CH 3 F ^^As^COOH 



CH 3 NH 



The lower alkyl esters having 1 to 5 carbon atoms 
of the above compounds and the pharmaceutical^ acceptable 
acid addition salts of these compounds, such as the hydro- 
chlorides and methanesulfonates, are also suitable. 

Of these compounds, especially to be preferred 
are the following: 

7-(3-Amino-l-pyrrolidinyl)-l-cyclopropyl-6- 

fluoro-l,4-dihydro-4-oxo-l,8-naphthyridine-3-carboxylic 
acid (Compound 1), 

l-Cyclopropyl-6-fluoro-7-{3-»ethylamino-l- 

pyrrolidinyl)-l,4-dihydro-4-oxo-l,8-naphthyridine-3- 
carboxylic acid (Compound 2), 

7- (3-Amino-4-methyl-l-pyr rolidinyl) -1-cyclo- 
propyl-6-f luor o-l , 4-dihydro-4-oxo-l , 8-naphthyr idine-3- 
carboxylic acid (Compound 3), 

7- (3-Amino-3-methyl-l-pyr rolidinyl) -1-cyclo- 

propyl-6-fluoro-l f 4-dihydro-4-oxo-l,8-naphthyridine-3- 
carboxylic acid (Compound 4), 

. 35039460 
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ana the hydrochloride, and the lower alkyl eater, having 1 
to 3 carbon atom, of the above compound.. 

The processes for preparing the compounds of this 
invention will now be described. 

As principal methods for preparing the compounds 
of this invention, the following processes A, B, c and D 
can be named. These processes will be shown by their 
reaction schemes. 



A. 



Displacement by pyrrolidine derivatives (Reaction A) 




d') 

wherein: 

X is a reactive group replaceable by a nitrogen 
atom in a pyrrolidine ring having a hydrogen at 
position 1 of that ring, and 

*' is hydrogen or an aliphatic group. 
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Rj-NH Z_\ 
(I") 

. Cyclizatlon of p-aminoacrylates (Reaction C) 



i 



0 




COOT 



(VI) (1 „, 
wherein Z is halogen.. 
Hydrolysis (Reaction D) 
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In the foregoing reaction ichtMi a, B, c and 
D, the group. * 2 and Rj My 5 , th , MJM og dlff#r#ntf 

•nd each rapraaanta hydrogen or lower alkyl having 1 to 5 
carbon atoms, and Y repreaenta a aubatltuted or unaubeti- 
5 tuted aliphatic group, preferably a lower alkyl group 
having 1 to 5 carbon atoms. 

These reactions A, B, C and D will now be more 
fully described. 

Process A: Displacement bv py rrolidine derivatives 
10 (Reaction A) 

The compounds of this invention can be prepared 
by reacting a ca'rboxylic acid of the formula 



F V^^V C00Y ' 

A 



(id 



15 



20 



25 



wherein 1 X is a reactive group replaceable by a 
nitrogen atom in a pyrrolidine ring having a 
hydrogen at position 1 of that ring, and Y» is 
hydrogen or an aliphatic group, 
or its ester, preferably a lower alkyl ester having 1 to 5 
carbon atoms, with a pyrrolidine derivative of the formula 

wherein Rj, R Jf and R 3 are as defined herein- 
before. 

The reactive functional groups shown by X in the 
formula (II, are arylsulfonyl, lower alkylsulfonyl having 1 
to 5 carbon atoms, halogen, lower alkoxy having 1 to 5 
carbon atoms, lower alkylthio having 1 to 5 carbon atoms, 
lower alkylsulfinyl having 1 to 5 carbon atoma, arylsul- 
fonyloxy, lower alkylsulfonyloxy having 1 to 5 carbon 
1612 
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atoms, or th« like, of which eapaolally preferred ara 
tolueneaulfinyl, toluanaaulfonyl and halogen. 

The raactlon of tht compound (XI) with tha com- 
pound (III) i« carrlad out in an inart aolvant that can at 
leaat partially dissolve thaaa compounds, at 20-180°C, 
preferably at 30-150°C, for 5-120 minutee, usually for 
20-60 minutes, with stirring. 

The solvent used in this reaction should be 
selected according to the properties of the starting mate- 
rials to be used. Examples of the inert solvent are ali- 
phatic alcohols such as ethanol or propanol, aromatic 
hydrocarbons such as benzene or toluene, haloalkanes such 
as dichloroethane or chloroform, ethers such as tetrahydro- 
furan, dioxane or diphenyl ether, acetonitrile, dimethyl 
sulfoxide and dimethylf ormamide. They may be used either 
alone or in combination with each other. 

The solvents mentioned above can be used also in 
the processes B, C and D later described, if required. 

The compound (HI) is used in the amount equi- 
valent to or slightly in excess of the compound (II). 
Depending upon the type of the functional group X in the 
compound (II), the reaction results in producing an acid 
such as hydrochloric acid as a by-product. In such a case 
the reaction is generally carried out in the presence of an 
acid acceptor, but the compound (III) may be used in excess 
to make itself serve as an acid acceptor. Examples of the 
acid acceptor is a base such as sodium bicarbonate, sodium 
carbonate, potassium carbonate, triethylamine, pyridine or 
picoline. 

In this reaction the compound (III) in which the 
amine substituent is protected by a protecting group 
commonly used in the chemistry of p-lactam antibiotics, 
peptides, or nucleic acids may be used and afterwards the 
protecting group of the reaction product be removed in the 
usual manner. As the protecting group, any may be used so 
long as it is one that can be removed without damaging the 
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structure of the compounds of this Invention formed by the 
rsotlon A. 

Specific examples of the protective group include 
acyl groups such as formyl, acetyl or trifluoroacetyl; 
substituted or unsubstituted alkoxycarbonyl groups such as 
ethoxycarbonyl, *- i od oe thoxy car bony 1, 0,6, B-trichloro- 
ethoxycarbonyl, t-butoxycarbonyl, e- (p-toluenesulfonyD- 
ethoxycarbonyl, benzyloxycarbonyl or p-methoxybenzyloxy- 
carbonyl; vinyloxycarbonyl; methyl groups substituted by 
phenyl or benzyloxy such as benzyl, trityl or benzyloxy- 
roethyl; alkylsilyl groups such as trimethylsilyl or t- 
butyldimethylsilyl; arylsulfonyl groups such as p-toluene- 
sulfonyl; o-nitrophenylsulf enyl; tetrahydropyranyl; di- 
phenylphosphinyl . 

The starting compounds (II) are prepared in 
accordance with the methods described in the hereinafter- 
given Reference Examples 1, 10 and 11. The starting com- 
pounds (III), which are new, are prepared in accordance with 
the methods described in Reference Examples 2 to 9. 
Process B; Process via the Dieckmann reaction 
(Reaction B) 

The esters of the compounds (I) in the invention 
are also prepared by cyclizing a pyridine derivative of the 
formula 




(IV) 



in which Y is the same or different aliphatic 
group, and R^ , R 2 and Rj are as defined above, 
in the presence of a base commonly used in the Dieckmann 
reaction to produce a compound of the formula 
1614 
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10 



15 



20 




25 



30 



COOY 

(V) 



in which R 1# R 2 , j* 3 and Y are as defined above, 
and thereafter dehydrogenating the compound (V). 

In the preparation of the compound (V) , the 
starting compound (IV) is cyclized intramolecularly in a 
solvent in the presence of a base such as metallic sodium, 
sodium hydride, sodium ethoxide or po'tassium tert.-butoxide 
to give the compound (V) . The reaction proceeds more 
effectively by the addition of a small amount of alcohol 
such as methanol, ethanol, tert. -butyl alcohol, or the 
like. The preferred solvents for this reaction are aroma- 
tic hydrocarbons such as benzene or tdluene; ethers such as 
dioxane, tetrahydrof uran, 1,2-dimethoxyethane or diethylene 
glycol dimethyl ether; and alcohols such as tert. -butyl 
alcohol. While there is imposed no particular restriction 
as to the reaction temperature, usually preferred is a 
temperature ranging from 10° to 180°C. 

In order to dehydrogenate the compound (V) , it is 
allowed to react for a short period of time with a commonly 
used dehydrogenating reagent such as 2,3-dichloro-5,6-di- 
cyano-l,4-benzoquinone (DDQ) , tetrachloro-1 ,4-benzoquinone 
(chloranil), tetracyanoethylene, palladium-carbon, bromine, 
N-bromosuccinimide (NBS) , manganese, dioxide, or selenium 
dioxide in an inert solvent (e.g. aromatic hydrocarbons 
such as benzene, toluene or xylene, ethyl acetate, ethers 
such as dioxane, aliphatic alcohols such as ethanol or 
tert. -butyl alcohol, dimethylf ormamide, etc.) at about 
20 to 200°C. Alternatively, it is also possible to de- 
hydrogenate the compound (V) by heating directly it at 
above its melting point or just heating it at 50° to 250°C 
in an inert solvent such as aroamtic hydrocarbons such as 
1615 
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banian, or tolu.ne, .llph.Uc alcohol. «uch •• athanol, 
•liphttlc hydroc.rbont .uch a. n-hax.»e, haloalkant. .uch 
« crbon tetrachloride, di-thylformamida, .th.r. auch a. 
dloxane or diphanyl ether, or the lika. 

In thi. reaction it i. preferred that the compound 
(IV) uaed in the fir.t atage of the reaction ha. it. amine 
aub.tituent of the pyrrolidine moiety protected with a 
protecting group aa deecribed in the aforementioned procea. 
A, and then the protecting group of the product be removed 
in the usual manner after completion of the reaction. 

The starting compounds (IV) are prepared in 
accordance) with the method described in Reference Example 

Process C: Cvcli.aM.n H -aminoacrvi.-.s , RgaeMftn r) 

The esters of the compounds (I) in the invention 
are also prepared by cyclizing a B-a»inoacrylate of the 
formula 



0 
n 

COOY 



R,-NH NH 

1 I 



(VI) 



A 

20 ln WhiCh 2 is hal °9" and R r R and y are as 

/0 defined above, 

in the presence of a base. 

This reaction is performed by intramolecularly 
cyclizing the compound (VI) in an inert solvent such as 
aliphatic alcohols such as ethanol, isopropyl alcohol or 

25 tert.-butyl alcohol, ethers such as dioxane, dimethyl- 
formamide, dimethyl sulfoxide, N-methylpyrrolidone, etc. 
in the presence of a base (e.g. metal hydroxides such as 
sod urn or potassium hydroxide, metal carbonates such as 
sod urn or potassium carbonate, metal bicarbonate, such as 
sodium or potassium bicarbonate, sodium hydride, sodium 
ethoxide, potassium tert.-butoxide, butyl lithium, 
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triethylamine, 1 , 8-diaiabicyclo(5.4.0]undecene-7 (DBO) , or 
tht like). Tht rtactlon temperature is usually in the range 

o£ from -20°C to 150°C, preferably from -10°C to 100°C. 

It la preferred that the compound (VZ) uaed in 
this reaction C be used in the form in which the amine 
substituent of the pyrrolidine ring is protected as de- 
scribed in the aforesaid reaction B and then the protecting 
group of the product be removed in the usual manner after 
completion of the reaction. 

The starting compounds (VI) are prepared in 
accordance with the method described in Reference Example 
13. 

The esters of the compounds (I) prepared by the 
Processes A, B and C, as mentioned above, can be converted 
to the compounds (I) (carboxylic acids) by hydrolysis in 
accordance with reaction D described below. The compounds 
(I), if necessary, may be esterified by a conventional 
method to give the esters of the compounds (I). 
D: Hydrolysis (Reaction D) 

In forming the compounds (I) by hydrolyzing the 
esters of compounds (I), this can be achieved by contacting 
the esters with water. It is generally carried out in the 
presence of an acid or a base to accelerate and complete 
the reaction. Examples of suitable acids are the inorganic 
acids such as hydrochloric acid, hydrobromic acid, hydro- 
iodic acid, sulfuric acid and phosphoric acid, and the 
organic acids such as acetic acid, oxalic acid and toluene- 
sulfonic acid. Examples of suitable bases are the metal 
hydroxides such as sodium or barium hydroxide, metal carbo- 
nates such as sodium or potassium carbonate, and sodium 
acetate. The hydrolysis is generally carried out in water, 
but it may be carried out in an aqueous solvent (e.g. 
ethanol, dioxane, ethyleneglycol dimethyl ether, benzene, 
pyridine, acetic acid, etc.). The reaction temperature is 
preferably one in the range of 20° to 150°C. 

The pharmaceutical^ acceptable salts of the 
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compound (X) or it. ..t.r «r. pr.pared by tr..tino th. 
compound (I, or it. ..t.r with .n .cid, or th. compound (I, 
with a bas. or a m.tal .alt. Example, of .uit.bl. acid. 

ar. hydrochloric acid, pho.phoric acid, acetic acid, lactic 
5 acid, succinic acid, methane.ulfonic acid, maleic acid, 
malonic acid, gluconic acid, a.partic acid and glutamic 
acid. Examples of suitable bases or metal salts are metal 
hydroxides such as .odium or potassium hydroxide, metal 
carbonates such as sodium or potassium carbonate, xinc 
10 chloride, zinc sulfate, zinc nitrate and silver nitrate. 

The compounds of the invention thus prepared are 
isolated and purified in a conventional manner. Depending 
upon the conditions of isolation and/or purification, the 
compounds are obtained in a form of salt, free carboxylic 
15 acid or free amine. These compounds can however be trans- 
formed from one form to another to meet the purpose for 
which they are to be used. Thus, the compounds of this 
Invention are prepared into a form that meets their in- 
tended use. 

As mentioned hereinabove, there are some com- 
pounds of the invention that exist as stereoisomers having 
• different configuration. These stereoisomers (cis and 
trans forms) can be isolated by a conventional method such 
as fractional crystallization or chromatography. Again, 
5 by using the compounds (III) of cis or trans forms as the 
starting material and submitting them to the reaction of 
process A of this invention, it is possible to obtain the 
compounds of this invention having the corresponding con- 
figurations. There are practically no difference in the 
» antibacterial activities between these stereoisomers. 

The compounds of the invention can also exist in 
optically active forms which may be obtained separately by 
the optical resolution procedure known in the art. 

The compounds (I), their esters and their .alts 
thus obtained are all new. Especially, the compounds (I) 
have excellent antibacterial activity and therefore are 
1618 

850391G0 



6132*4* 

- 16 - 

valuable as antibacterial agents. The compounds (I) and 
their aalta can be uaed not only aa medicines for man and 
animals, but aa fiah medicines, agricultural drug, and 
food preaervatives. On the other hand, the ester, of the 
5 compound. (I) are uaeful aa starting material for prepara- 
tion of the compounds (I). They are also useful as anti- 
bacterial agents, because they themselves have high anti- 
bacterial activity and, in the case the ester is easily 
transformed to the compound (I) in vivo, it shows the same 
10 antibacterial effect as the compound (I). 

The dosage of the compounds of the invention in 
administration to man should be adjusted according to the 
age, body weight, symptoms, the administration route, the 
number of administration, etc. It is recommended that the 
15 compound be administered at a dosage of 5 mg to 5 g per day 
once or several times daily. The compound may be adminis- 
tered orally or parenterally. ' 

The compounds of the invention may be adminis- 
tered in its as-obtained powder form, but it is usually 
20 administered in the form of a pharmaceutical preparation 
together with the pharmaceutically acceptable adjuvants. 
Specific examples are tablets, capsules, granules, fine 
granules, powders, syrups, injections, etc. These pharma- 
ceutical preparations are prepared in a customary manner. 
25 Adjuvants for oral administrations are those that are 

commonly used in the field of pharmaceutical preparations 
and do not react with the compounds of the invention, such 
as starch, mannite, crystalline cellulose, CMC Na, etc. 
Adjuvants for injections are those commonly used in the 
30 field of injection such as water, isotonic sodium chloride 
solution, gluclose solution, transfusion solution, etc. 
When the compound of this invention is to be used as an 
injection, it can be used for all of such injections as 
intravenous, intramuscular and subcutaneous injections. 
5 The following Examples 1 to 16 and Reference 

Examples 1 to 13 will serve to illustrate the processes 
1619 
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for preparing tht compound, of th. present invention. 
Baferance e r « nr | T i 

Preparation of a starting compound of formula (ii) 
for use in reaction A 

Ethyl 7-(p-tolylsulfonyl)-l-cyclopropyl-$- 

"uoro-l,4-dihydro-4-oxo-l,8-naphthyridine-3- 
carboxylate 



A 



o 



A w a ; 



CH 3 



COOC 2 H 5 



III) A 

The numbers of the reaction steps described below 
correspond to the numbers in the above scheme. 

(1) 2,6-Dichloro-5-fluoronicotinonitrile (32.5 
9) in ethanol (400 ml) was treated at room temperature with 
potassium salt of p-thiocresol, prepared from p-thiocresol 
(23.2 9) and potassium hydroxide (12.2 g) , to give 2-chloro- 

124^5^ Uhi0) " 5 " flUOr0niCOtln0nitrlle (42 * 4 9) ' " ,P * 

(2) To a solution of the above compound (36 g) 
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in dry dimethyl «ulfoxide (180 ml) was added anhydrous 
potassium fluoride (22.2 a), and tht mixture was heated at 

130-135°C for 1 hour with stirring. The solvent was eva- 
porated under reduced pressure and water was added to the 
5 residue. The resulting crude crystals were recrystalllsed 

from ethanol to give 2 ,5-dif luoro-6- (p-tolylthio)nicotino- 
nitrile (30 g), m.p. 120-121°C. 

(3) The above compound (4 g) in absolute ethanol 
was treated with dry hydrogen chloride to yield ethyl 

10 2,5-difluoro-6-(p-tolylthio)nicotinate (3 g) . 

(4) Ethyl 2, 5-dif luoro-6- (p-tolylthio) nicotinate 
(25 g) prepared as above was dissolved in dimethylf ormamide 
(400 ml). To this solution were added ethyl N-cyclopropyl- 
aminopropionate (25.4 g) and sodium bicarbonate (14 g) , and 

15 the mixture was heated at 100-110°C for 10 hours with stir- 
ring. The solvent was evaporated under reduced pressure, 
water was added to the residue, and the mixture was ex- 
tracted with toluene. The extracts were washed with dilute 
hydrochloric acid and then with water, and dried over 

20 anhydrous sodium sulfate. After evaporation of toluene 
under reduced pressure, ethyl 6-(p-tolylthio)-2-|N-cyclo- 
propyl-N-(2-ethoxycarbonylethyl)aminoJ-5-fluoronicotinate 
(32 g) was obtained as a viscous oil. 

(5) To a solution of the above compound (3.2 g) 
25 in dry toluene (50 ml) was added 65% sodium hydride (0.32 

g) at room temperature and the mixture was stirred for 10 
minutes. Catalytic amount of absolute ethanol was added to 
the mixture and stirring was continued at room temperature 
for 2 hours followed by heating the mixture at 50-60°C for 

30 1 hour. After addition of water, the mixture was neutra- 
lized with 10% aqueous acetic acid. The organic layer was 
separated, dried over anhydrous sodium sulfate, and toluene 
was evaporated under reduced pressure. The resulting crude 
crystals were recrystallixed from n-hexane-isopropyl ether 

35 to give ethyl 7- (p-tolylthio)-l-cyclopropyl-6-f luoro- 
l,2,3,4-tetrahydro-4-oxo-l,8-naphthyridine-3-carboxylate 
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(2.3 g), a.p. 124-125°C. 

«) To a solution of the above compound (2.0 g) 

in toluene (50 ml) was added 2,3-dlchloro-5,6-dicyano-p- 
benxoquinone (1.25 g), and the Mixture was stirred at room 
temperature for 2 hours and then at 50-60°C for 1 hour. 
After cooling, the resulting crystals were filtered and 
dissolved in chloroform. The solution was washed with IN 
sodium hydroxide and with water, and dried over anhydrous 
sodium sulfate. Chloroform was evaporated and the result- 
ing crude crystals were recrystallized from ethanol-iso- 
propyl ether to give ethyl 7- (p-tolylthio)-l-cyclopropyl- 

6-fluoro-l f 4-dihydro-4-oxo-l,8-naphthyridine-3-carboxylate 
(1.7 g), m.p. 186-187°C. 

(7) The abbve compound (1.59 g) and m-chloroper- 
benzoic acid (80%) (1.90 g) were dissolved in chloroform 
(50 ml) and the solution was refluxed for 30 minutes. 
After cooling, the solution was washed with 2N sodium 
carbonate and then with water and dried over anhydrous 
sodium sulfate. Chloroform was evaporated and the result- 
ing crude crystals were recrystallized from ethyl acetate 
to give ethyl 7- (p-tolylsulfonyl)-l-cyclopropyl-6-fluoro- 

lr 4-dihydro-4-oxo-l,8-naphthyridine-3-carboxylate (1.55 g) , 
».p. 216-218°C. 

The starting materials (II) which have any substi- 
tuents (-COOY-) at the 3-position of their naphthyridine 
ring other than -COOC 2 H 5 can also be prepared in the same 
Banner as described above. 
Example 1 

Preparation of 7- (3-amino-l-pyrrolidinyl)-l-cyclopropyl- 

6-fluoro-l,4-dihydro-4-oxo-l,8-naphthyridine-3-carboxylic 

acid (by the substitution reaction A) 

1822 
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0i 32*45 

o 



A CH-CONH H A 



CB3COHB 



(2) 



*>* s yA_COOB 



(4) 



HC1- H 2 N 



A 



COOH 



BLR 



A 



The numbers of the reaction steps described below 
correspond to the numbers in the above scheme. 
(1) A mixture of ethyl 7-(p-tolylsulfonyl)-l- 

cyclopropyl-g-fiuoro-l^-dihydro^-oxo-ve-naphthyridine-a. 
carboxylate (800 mo), 3-acetyla»inopyrrolidi„e (300 »g, , . 
triethylamine (236mg,, and ethanol (25 mi) was refluxed for 

hours. After evaporation of the solvent under reduced 
Pressure, the residual crude crystals were recrystallized 
from ethanol-isopropyl ether to give ethyl 7-(3-acetyl- 
a»ino-l-pyrrolidi„yl)-i- cyclopropyl „ 6 . fluoro . lr4 . dlhy<Jro _ 

LTL 1 o 8 ' naPhthyridlne - 3 - Carbo ^ late « 00 -.p. 

(2) A mixture of the compound (600 mg) prepared 
in (1, and 20% hydrochloric acid (10 ml, was refluxed for 
10 hours. The solvent was evaporated under reduced pres- 
sure and ethanol was added to the residue. The resulting 
crystals were filtered to give 7- (3-amino-l-pyrrolidinyl,- 

l-cyclopropyl-6.fl U oro-l,4-dihydro-4-oxo-l,8-naphthyridine. 
3-carboxylic acid hydrochloride (460 mg, , ..p. 275-280°C 
(decompn.,, recrystallized from water-ethanol. 

(3, The above hydrochloride (370 mg, was dis- 
solved in water (10 ml,. To the mixture was added an- 
hydrous sodium acetate (870 mg,, and the resulting crystal. 
1 623 
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** r * *i**«red, waehed with water and than with ethenol, 
after which thay vara dried at about 110°C to give 7-(3- 

aaino-l.pyrrolidinyl)-l-cyclopropyl-6-£luoro-l,4-dihydro- 
«-©Kc-l>8-naphthyridine-3-carboxylic acid (320 ma), ».p. 
266-2«7°C (decompn.). 

(«) A Mixture of the eater (402 mg) obtained in 
(1) and 10% sodium hydroxide solution (10 ml) was heated at 
90-110 C for 2 houra with stirring. After neutralization 
with aqueous acetic acid, the resulting crystals were 
filtered. The crystals were dissolved in IN hydrochloric 
acid (10 ml), the solution was treated with activated 
carbon and adjusted at pH 7-8 with IN sodium hydroxide 
solution. The resulting crystals were filtered, washed 
with water and then with ethanol, after which they were 
dried at about 110°C to give 7-(3-amino-l-pyrrolidinyl)- 

l-cyclopropyl-6-fluoro-l,4-dihydro-4-oxo-l,8-naphthyridine- 
3-carboxylic acid (272 g) , m.p. 266-267°C (decompn.). 
Reference Examp le ? 

Preparation of starting compound of formula (III) 

3-(N-Acetyl-N-methylamino)pyrrolidine 

I pNH 2 . pNHCHO . r NHCH 3 

V — > y — > v 

CH 2 Ph CH 2 Ph CH 2 Ph 



N< C0CE 3 „/ C0CH 3 



— > 'yT - 3 > ^ v.a 3 

CH 2 Ph H 

3-Amino-l-benxylpyrrolidine (J. Med. Chem. , 11, 
1034 (1968) J was allowed to react with formic acid and 
formamide to give l-benxyl-3-f ormylaminopyrrolidine. Thia 
compound was reduced with sodium bis (2-methoxyethoxy)- 
aluminium hydride to give l-benxyl-3-methyla*inopyrrolidine, 
b.p. 134-136°C/5-6 anflg. This compound was treatd with 

1624 
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acatic anhydride to give 9-(N-aeatyl-IMaathyla«lno)-l- 
benaylpyrrolldine, b.p. 144-147°C/0.3 aattg. Thia compound 
vaa hydrogenated eatalytloally in tha praaanoa of s% 
palladium-carbon to glva 3-(N-aeatyl-M-aathyla»lno)- 
pyrrolidina aa an oil. 
Example 2 

Preparation of l-cyclopropyl-6-fluoro-7-(3-methyl- 
amino-l-pyr rolidinyl) -1 ,4-dihydro-4-oxo-l , 8- 
naphthyridine-3-carboxylic acid (by the aubatitution 
reaction A) 



15 



20 



25 



CB. 



A N 



CB,C0* 



^ r-N L 



OOC 2 B 5 



CB. 



N 



CB,C0 



BC1 CB 3 NB 





COOH 



(4) 



CB 3 HB A 



The numbers of the reaction steps described below 
correspond to the numbers in the above scheme. 
(1) A mixture of ethyl 7-(p-tolylsulf onyl)-l- 
cyclopropyl-6-fluoro-l,4-dihydro-4-oxo-l,8-naphthyridine-3- 
carboxylate (1.72 g) , N-acetyl-N-methylaminopyrrolidine 
(740 mg), triethylamine (522 mg) , and acetonitrile (40 ml) 
was refluxed for 1.5 hours. After evaporation of the 
solvent under reduced pressure, ethanol was added to the 
residue, and after cooling, the resulting crystals were 
filtered to give ethyl l-cyclopropyl-6-fluoro-7-l3-(N- 
acetylmethylamino)-l-pyrrolidinylJ-l,4-dihydro-4-oxo-l,8- 
naphthyridine-3-carboxylate (1.44 g), m.p. 203-204°C, 
recrystallixed from ethanol. 
16 2 5 
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(2) Tha above ester (1.34 g) was treated in the 
mm unntr at described In Example l-(2) to give l-cyclo- 
propyi-6-fluoro-7-{3-«athyla»ino-l-pyrrolidinyl)-l,4- 
dihydro-4-oKo-l,8.naphthyrldine-3-carboxylic acid hydro- 
chloride (900 mg), ». p . 284-289°C (decompn.), recryatal- 
lixed from vater-ethanol. 

(3) The above hydrochloride (900 mg) was treated 
in the same manner as described in Example i- (3 ) to give 

l-cyclopropyl-6-fluoro-7-(3-»eth y ia a ,ino-l-p y rrolidin y i)-l r 4- 
dihydro-4-oxo-l f 8-naphthyridine-3-carboxylic acid (800 mo) , 
».p. 233-235°C (decompn.). 

(4) The ester (833 mg) obtained in (1) was 
treated in the same manner as described in Example l-(4) 
to give l-cyclopropyl^6-fluoro-7-(3-methylamino-l- 

15 Py"olidinyl)-i r4 -dih y dro-4-oxo-l r 8-naphthyridine-3- 
carboxylic acid (593 mg), m.p. 233-235°C (decompn.). 
Reference Example ^ 

Preparation of a starting compound of formula (III) 
3- (N-Acetyl-N-n-propylamino) pyrrolidine 



10 



20 



25 



(^J ra 2 ^ |— JNHC0CH 2 CH 3 q-jNHCHjCH^ 

3 2 Ph ce 2 : 



CH 2 Ph CH,Ph CB,Ph 



r— rN< C0CH 3 r—r»< COCB3 
> S,J CH 2 CH 2 CH 3 ^ y X CH 2 CH 2 CH 3 

CH 2 Ph H 

In the same manner as described in Reference 
Example 2 except that n-propionic anhydride is used in 
Piece of formic acid and formamide, 3-<N-acetyl-N-n- 
Propylaminojpyrrolidine can be prepared. 
1326 
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Exampl* 3 

Prtparation of l-cyclopropyl-«-£looro-7-(3-n-propyl- 
a»ino-l-pyrrol idiny 1 ) -1 , 4-dihydro-4-oxo-l , 8-naphthy- 
rldin«-3-carboxyllc acid 

^ V>rV COOC 2 H 5 _ '^X^OOC^ 

CB. 



A 

'^3un 2 ^tr 2 

CH 3 CH 2 CH£ 



CH CO / /\ 





OOH 



HC1.CH 3 CH 2 CH 2 NH " A C^CH^N^ A 

In the same manner as described in Example 2-(l), 
except that N-acetyl-N-n-propylaminopyrrolidine is used in' 
place of N-acetyl-N-methylaminopyrrolidine, 1-cyclopropyl- 

6-£luoro-7-(3-n-propylamino-l-pyrrolidinyl)-l r 4-dihydro-4- 
oxo-l,8-naphthyridine-3-carboxylic acid can be prepared. 
Reference Example A 

Preparation of a starting compound of formula (III) 
3-Acetylamino-4-methylpyrrolidine 

CH 2 Ph ie 2 p h H 

3-Amino-l-benxyl-4-methylpyrrolidine (Japanese 
Laid-open Patent Publication No. 22699/1980) was allowed to 
react with acetic anhydride to give 3-acetylamino-l-benzyl- 
4-methylpyrrolidine, IR 3300, 1650 cm" 1 . This compound 
was hydrogenated catalytically in the presence of 5% 

palladium-carbon to give 3-acetylaaino-4-»ethylpyrrolidine 
»» an oil. 

162 ? 85030400 
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Preparation of 7- (3-amino-4-joethyl-l-pyrrolidinyl)-l- 
cyclopropyl-6-£iuoro-l,4-dihydro-4-oxo-l,8-ii«ph- 
thyrldine-3-carboxylic acid hydrochloride (by tha 
substitution reaction A) 



2 A CH3CON6 p ^ 



CH,CONH 

Fractions a, b, c 



CH 3 



O 

PAV Fraction a -BL> ^^AI/ 

I A Fraction b W ) / ' A 

Hi ' *— * 



COOH 



CH3CONH 1 HC1-H 2 H 

The numbers of the reaction steps described below 

correspond to the numbers in the above scheme. 

(1) A mixture of ethyl 7- (p-tolylsulfonyl)-l- 
cyclopropyl-6^fluoro-l,4-dihydro-4-oxo-l,8-naphthyridine- . 
3-carboxylate (4.3 g) , 3-acetylamino-4-methylpyrrolidine 
(mixture of cis and trans forms) (1.85 g) , sodium bicarbo- 
nate (1.26 g), and acetonitrile (60 ml) was refluxed for 1 
hour. After evaporation of the solvent under reduced 
pressure, water was added to the residue and the mixture was 
extracted with chloroform. The extracts were washed with 
diluted hydrochloric acid and then with water, and dried 
over anhydrous sodium sulfate. After evaporation of the 
solvent, the residue was chromatographed on silica gel to 
give the following three fractions. 

Fraction (a): stereoisomer A, 1.1 g. 

Fraction (b) : mixture of stereoisomers B and a 
1Q2Q small amount of stereoisomer A, 

2.9 g. 
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Fraction (c)t atereoiaoaer B, 0.1 9. 

Fractions (a) and (c) vara each recryatalllted 
from ethanol-isopropyl athar to give tha stereoisomer A, 
m.p. 280-282. 5°C, and tha stereoisomer B, m.p. 209-210°C, 
5 of athyl 7- (3-acetylamino-4-methyl-l-pyrrolidinyl) -1- 
cyclopropyl-6-f luoro-1 , 4-dihydro-4-oxo-l , 8-naphthyr idine- 

3- carboxylate, respectively . 

(2) A mixture of the ester, stereoisomer A 
(0.97 g), and 20% hydrochloric acid (10 ml) was refluxed 

10 for 3 hours. After evaporation under reduced pressure, 
ethanol was added to the residue, and the resulting cry- 
stals were filtered and recrystallized from water-ethanol 
to give a carboxylic acid hydrochloride, i.e. 7-(3-araino- 

4- methyl-l-pyrrolidinyl)-l-cyclopropyl-6-fluoro-l,4-di- 
15 hydro-4-oxo-l, 8-naphthyr idine-3-carboxylic acid hydro- 
chloride (0.57 g) , corresponding to the stereoisomer A, 
m.p. 234-238°C (decompn.). NMR (DjO) : 61.32 (3H, d, J«7Hz, 
CH 3 ), 7.42 (1H, d, J»13Hz, Cj-B) , 8.40 (1H, s, Cj-H) . 

(3) The fraction (b) obtained in (1) (2.9 g) was 
20 treated in the same manner as described in (2) to give 

7- (3-amino-4-methyl-l-pyrrolidinyl)-l-cyclopropyl-6-f luoro- 
l,4-dihydro-4-oxo-l,8-naphthyridine-3-carboxylic acid 
hydrochloride (2.02 g) , m.p. 270-278°C (decompn.). NMR 
(D 2 0) : 61.32 (3H, d, J«7Hz, CB 3 ), 7.38 (IB, d, J«13Bz, 
25 C 5 -B), 8.41 (1H, s, Cj-B) . 

This compound was found out to be a mixture of 6% 
and 941 of the carboxylic acid hydrochlorides corresponding 
to the stereoisomers A and B, respectively, from the result 
of BPLC analysis. 
30 Reference Example 5 

Preparation of a starting compound of formula (111) 
3-Acetylamino-2-»ethylpyrrolidine 

1629 
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3-A*ino-l-bentyl-2-«tthylpyrrolidint (Japanese 
Uid-Open Patent Publication No. 22699/1980J wa. allowed to 
react with acetic anhydride to give 3-acetylamino-l-benxyl- 
5 2-methylpyrrolidine, ».p. 5 1-54°C. This compound wa. 

hydrogenated catalytically in the presence of 5% palladium- 
carbon to give 3-acetylamino-2-»ethylpyrrolidine as an oil 
Example s | 

Preparation of 7-<3-amino-2-»ethyl-l-pyrrolidinyl)-l- 
cyclopr opy l-6-f luor o-l , 4-dihydr o-4-oxo-l , 8-naphthy- 
ridine-3-carboxylic acid hydrochloride (by the substi- 
tution reaction A) 

A CH 3 C0NH CH 3 M X 

J CH 3 C0NH CH, 




HC1. H 2 N CH 3 A 



15 



20 



In the sane manner as described in Example 4-(l), 
except that 3-acetylamino-2-methylpyrrolidine was used in ' 
Place of 2-acetyla»ino-4-»ethyl P vrrolidine, 7- (3-amino-2- 

"• th y»-l-Pyrcolidinyl)-i..cyclopropyl-6-fluoro-l,4-aihydfo- 
4-oxo-l,8-naphthyridine-3-carboxylic acid hydrochloride was 
Prepared. Stereoisomer A (3/2 hydrate), m.p. 215-217°C, 
NMK (NaOD-D 2 0), J li03 (3H, d, J-6H*, CH,,, 7.63 <1H, d, 

ioVo C5 " B) ' 8 ' 32 (1H ' C2 " H) ana a " lxture of the 
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ataraoiaoaara A and B (3/2 hydrate) , ».p. 27«-2IO°C 
(daoompn.) (AtB m 1,4 ty BPLC analysis), mx of tba atereo- 
lflOMr B (MaOD-DjOJi J 1.17 (3B, d, J-CBi, CB.) , 7.73 (IB, 
d, J-lSBt, C 5 -B), 8.33 (IB, a, Cj-B) . 
Reference ^ffffTit f 

Prapartlon o£ a atarting compound of formula (Hi) 
4-Acetylamlno-2-aethylpyrrolidine 



10 



15 



NH. 



CH, N 



NHCOCH. 



CH, N 



CH 2 Ph 



CHjPh 



CH,*^i? 
J B 



NHCOCH. 



In the same manner as described in Reference 
Example 4, except that 4-amino-l-benzyl-2-methylpyrrolidine 
was used in place of 3-amino-l-benzyl-4-methylpyrrolidine, 
4-acetylaaino-2-methylpyrrolidine was prepared. 
Example 6 \ 

Preparation of 7-(4-amino-2-methyl-l-pyrrolidinyl)- 

l-cyclopropyl-6-fluoro-l r 4-dihydro-4-oxo-l,8-naphthy- 
ridine-3-carboxylic acid hydrochloride (by the sub- 
atitution reaction A) 



COOC 2 H 5 



COOC 2 H 5 



A CH-CONH 

CH,CONH 
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In th. Mnn#r M described in Exaaple 4 -<l), 

•*c.pt that 4-«cetyla»ino-2-.ethylp y rrolidin. »a. u . td lB 
place of 3-acetyla«ino-4-»ethylpyrrolidine, 7-(4-a.ino-2- 

•• t "yl-l-Pyrrolidinyl)-l-cyclopropyl-6-fluoro-l,4-dihydro-. 
«-o*o-l,8-naphthyridine-3-carboxylic acid hydrochloride was 
Prepared. Stereoisomer A (5/4 hydrate), m.p. 263-267°C 
(aecompn.), NMR (NaOD-D 2 0) t 6 1.29 (3H, d, J-6H2, CH,), 
7.74 (1H, d, J-13HZ, C..-H), 8.39 (1H, s, C 2 -H) and a 

10 TaVZlo? """J 80 *"" A ■»* B (2 hydrate,, m.p.- 
10 205-208 C and 241-244°C (decompn.) (A:B - 3:2 by HPLC 
analysis) . NMR of the stereoisomer B (NaOD-D 2 0) ,6128 
OH d, J-6HZ, CH 3 ), 7.70 (1H, d, J«13Hz, C..-H) , 8.39 (IB, 
s, C 2 -H) . 3 

Reference Example 7 

Preparation of a starting compound of formula (III) 
3-Ace tylamino-3-methylpyr r ol idine 

?»i CH. 

NHCOCH 3 |__J_fNHCOCH 3 

H 



MOfKn ^nzyl-S-pyrrolidone (J. Org. Chem., 30., 740 
(1965)] was allowed to react with methylmagnesium iodide to 

IoX 1 / ben2yl ' 3 " hydr ° Xy " 3 ' nethylpyrrolidlne " « ».p. 
106 C/0.5 mmHg. This compound was treated with a mixture 

of acetonitrile and concentrated sulfuric acid under ice 
cooling to give 3-acetylamino-l-ben2yl-3-»ethylpyrrolidine, 
■•P. 105-106 C. This compound was hydrogenated cataly- 
tically in the presence of 5% palladium-carbon to give 3- 

»cetylamino-3-methylpyrrolidine as an oil. 
Example 7 

Preparation of 7- (3-a«ino-3-»ethyl-l-pyrrolidinyl)-l- 
cyclopropyl-6-f luoro-1 , 4-dihydr o-4-oxo-l , 8-naphthy- 
ridine-3-carboxylic acid hydrochloride (by the substi- 
tution reaction A) 
1832 
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A 



COOC 2 R 5 




CH,C0NH 



0 

P -_s^VNr' C00H 



'T A 

HC1« H 2 N 

In the sane manner as described in Example 4-(l) r 
except that 3-acetylamino-3-methylpyrrolidine was used in 
place of 3-acetylamino-4-methylpyrrolidine, 7-(3-amino-3- 
■ethyl-l-pyrrolidinyl)-l-cyclopropyl-6-fluoro-l,4-dihydro- 
4-oxo-l,8-naphthyridine-3-carboxylic acid hydrochloride 
(5/4 hydrate) was prepared, m.p. 285-287°C (decompn.) . HMR 
(D 2 0): <T 1.74 (3H, s, CHj), 7.45 (1H, d, J-13H2, C 5 -H) , 
8.42 <lB f s, C 2 -H). 
Reference Example a 

Preparation of a starting compound of formula (III) 
3- (N- Acety 1-N-methylamino) -4-methylpy r rolidine 

CH 3> ^2 CH 3 - , NHCHO CH3 JTOCHj 

V — > \P — * r • 

CH 2 Ph CH 2 Ph CH 2 Ph 

COCB, COCH, 
CH^, r Nr 3 CH 3 



CB2Ph H 



In the same manner as described in Reference 
Example 2, except that 3-amino-l-benxyl-4-methylpyrrolidine 
1633 
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UM Japanese Laid-Ope„ p. t . nt publication Ho. 226M/1M0J 
was u..d in place of 3-amino-l-beniylpyrrolidine, 3-(H- 
•c|ty^«.thyla»ino)-4-»ethylpyrrolidine was prepared. 

Preparation of l-cyclopropyl-6-fluoro-7-(4-»ethyl-3- 
methyla»ino-l-pyrrolidinyl)-l,4-dihydro-4-oxo-l,8- 
naphthyridine-3-carboxylic acid hydrochloride (by the 
substitution reaction A) 



CH 3 



CH 3 CO^ 3 > ^ 

CH 3 CO 



10 F^tn^^sJCOOH 



HCl CH 3 NH 




In the same manner as described in Example 
<-<l), except that 3-(N-acetyl-N-»ethlamino)-4-»ethyl- 
Pyrrolidine was used in place of 3-acetyla»i„o-4-»ethyl- 
Pyrrolidine, l-cyclopro P yl-6-fluoro-7-(4-»ethyl-3-methyl- 

15 amino-l-py r r ol idinyl ) -1 , 4-dihydr o-4 -oxo-1 , 8-naph thy- 

ridine-3-carboxylic acid hydrochloride (5/4 hydrate) was 
Prepared, ».p. 258-277°C (decompn.). NMR (NaOD-D,0) , ^1.07 
(3B d, J«6Bz , CH 3 ,, 2.34 (3H, e, N-CH,) , 7.52 (IB, d, 
J-13HX, C 5 -H), 8.27 (1H, s, C 2 -B) . 

20 Referenc e Exaap1» o 

Preparation of a starting compound of formula (II) 

3-Acetylamlno-4-ethylpyrrolidine 
1634 
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«2» CH 2 Ph ■ 

In the same manner a* described in Reference 
example 4, except that 3-amino-l-benzyl-4-ethylpyrrolidine 
vae used in place of 3-amino-l-benzyl-4-methylpyrrolidine, 
5 3-acetylanino-4-ethylpyrrolidine was prepared. 
Example 9 

Preparation of 7-<3-amino-4-ethyl-l-pyrrolidinyl)-l- 
cyclopr opyl-6-f luoro-1 , 4-dihydro-4-oxo-l , 8-naphtby- 
ridine-3-carboxylic acid hydrochloride (by the aubsti- 
10 tution reaction A) 



COOC 2 H 5 C 2 H 5 P^s^X CO0C 2 H 



O 





2Bs XXT" 5 

A 



BC1-B 2 N 



In the aame manner as described in Example 4-(l), 
except that 3-acetylamino-4-ethylpyrrolidine was used in 
15 place of 3-acetylamino-4-methylpyrrolidine, 7-(3-amino-4- 
ethyl-l-py rro iidinyl)-l-cyclopropyl-«-£iuoro-l,4-dihydro- 
4-oxo-l,8-naphthyridine-3-carboxylic acid hydrochloride was 
Prepared, ». p . 232-237°C (decompn.). NM* (NaOD-D 2 0) , <To.95 
(3H, t, J-7BX, -CB 2 CH3), C2H, q, J-7Bx, -CB^), 7.55 

(IB, d, J-13Bx, C 5 -H), 8.33 (IB, s, C,-B) . 
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Preparation of a starting compound of formula (II) 
Ethyl 7-chloro-l- C yclopropyl-6-f luoro-1 , 4- 
dihydro-4-oxo-l,8-naphthyridine-3-carboxylate 



LA ^ " OC 2 H 5 



0 



Cx N Cl • fi 

NH C1 




A 



A 
(id 



The numbers of the reaction steps described below 
correspond to the numbers in the above scheme. 

(1) A known compound 2,6-dichoro-5-f luoronico- 
tinonitrile (60 g, in concentrated sulfuric acid was heated 
at 65-75 C for 1 hour. Water was added to the reaction 
"ixture, which was then heated at 100-110°C for 2 hours to 

155 e i56°C diChlOr °" 5 " flU0rOniCOtiniC ° Cid (59 ' 8 9> ' 

(2) The above compound was treated with thionyl 
chloride to give 2,6-dichloro-5-f luoronicotinoyl chloride 
(47.5 g) as an oil. 

(3) In dry ether, the above compound was allowed 
to react with diethyl ethoxymagnesiummalonate to give 
diethyl 2,6-dichloro-5-fluoronicotinoylmalonate as an oil. 
To this were added water and a catalytic amount of p- 
toluenesulfonic acid, and then the mixture was heated at 
140 C for 2 hours to give ethyl 3- (2,6-dichloro-5-fluoro^ 

pyridin-3-yl)-3-oxopropionate (46 g), m.p. 69-70°C. 
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This compound was treated in dry dloxane with 
potaaalua tert.-butoxide to give ethyl 7-ehloro-l-cyelo- 
pr©pyl-«-f luoro-1 , 4-dihydro-4-oxo-l , 8-naphthyr idine-3- 
carboxylatt, m.p. 17«-178°C. 

Tht starting materials (II) which have any sub- 
stitute (-C00V) at the 3-position of their naphthyridine 
ring other than -COOCjHj can also be prepared in the same 
manner as described above. 
Example 10 

Preparation of 7-(3-amino-l-pyrrolidinyl)-l-cyclo- 
propyl-6-f luoro-1 , 4-dihydro-4-oxo-l , 8-naphthyr id ine- 
3-carboxylic acid hydrochloride (by the substitution 
reaction A) 




COOC 2 H 5 



"a** 8 CH3CONH 



0 



I N N N 

/ A 

BC1*H 2 N ^ 

A mixture of ethyl 7-chloro-l-cyclopropyl-6- 
f luoro-1 , 4-dihydro-4-oxo-l , 8-naphthyr idine-3-carboxylate 
(1.24 g), 3-acetylaminopyrrolidine (563 mg), sodium bi- 
carbonate (437 mg) and acetonitrile (40 ml) was refluxed 
for 30 minutes. After evaporation to dryness under reduced 
pressure, water was added to the residue. The resulting 
crystals were filtered and recrystallixed from ethanol- 
isopropyl ether to give ethyl 7-(3-acetylamino-l- 

pyrrolidinyl)-l-cyclopropyl-6-fluoro-l # 4-dihydro-4-oxo- 
l,8-naphthyridine-3-carboxylate (1.50 g) , m.p. 246-248°C. 
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(4) The above compound (40 g) vat treated with 
•thyl orthoformate and acetic anhydride to give ethyl 2- 

(2*6-dlchloro-S-fluoronicotinoyl)-3-ethoxyacrylatt (42 g) 
aa an oil. 

(5) The above compound in ethanol was allowed to 

react with cyclopropylamine to give ethyl 2-(2,6-dlchlorc~ 

5-fluoronicotinoyl)-3-cyclopropylaminoacrylate (42.4 g) , 
».p. 129-130°C. 

(6) in dry dioxane, the above compound (21 g) 
was allowed to react with potassium tert.-butoxide to give 
ethyl 7-chloro-l-cyclopropyl-6-f luoro-1 , 4-dihydro-4-oxo- 
l,8-naphthyridine-3-carboxylate (17.5 g) , m.p. 176-178°C. 

The starting materials (II) which have any sub- 
stituents (-COOY') at the 3-position of their naphthyridine 
ring other than -COOC 2 H 5 can also be prepared in the same 
manner as described above. 
Reference Example 11 

Preparation of a starting compound of formula (II) 
Ethyl 7-chloro-l-cyclopropyl-6-f luoro-1, 4-di- 
20 hydro-4-oxo-l, 8-naphthyridine-3-carboxylate 



10 



15 



25 



K^s^J^OCl F CO-C-COOC-H c 

CH 

NH 
i 

A 



A (ii, 

In dry dioxane, 2 ,6-dichlor o-5-f luoronicot inoyl 

chloride, prepared in Reference Example 10-(2, r was allowed 

to react with ethyl B-cyclopropylaminoacrylate in the 

presence of tr iethylamine to give ethyl 2-(2,6-dichloro- 

5-fluoronicotinoyl)-3-cyclopropylaminoacrylate, m.p. 
129-130°C. 
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This compound vn hydrolysed in the saae manner 
described In Bxaaple l-(2) to give 7-(3-aaino-l- 

pyrrolidlnyl)-l-cyclopropyW-£luoro-l r 4-dibydro-4-oao- 
l#8-naphthyridine-3-carboxylic acid hydrochloride (1.15 
■9)/ ».p. 275-280°C (decoapn.). 
Reference Exampl* p 

Preparation of a starting coapound o£ foraula (IV) 

for use in reaction B 

Ethyl 6- (3-acetylaaino-l-pyrrolidinyl) -2- [n- 

cyclopropyl-N-(2-ethoxycarbonylethyl)aminoj-5- 

fluoronicotinate 



F W OOC 2 H 5 

CH 3-0" S ^ N - CH 2 CH 
A 



P YY° 0C 2 B 5 
CH 3 -^^-S0 2 ^ : N >l-CH 2 CH 2 COOC 

A 



2 B 5 



.COOC 2 H 5 



CB 3 C0NB 




2 CB 2 COOC 2 B 5 



Ethyl 6-(p-tolylthio)-2-lN-cyclopropyl-N-(2- 
«thoxycarbonylethyl)a»ino]-5-fluoronicotinate (16.0 g) 
prepared in Reference Example l-(4), was oxidised with 
■t-chloroperbenxoic acid to give ethyl <-(p-tolylsul- 

fonyl)-2-tH-cyclopropyl-N-(2-ethoxycarbonylethyl)a»inoJ- 
20 5-fluoronicotinate (17.0 g) . This compound (9.56 g) was 
heated at 120°C for 2 hours in diaethylfornanide with 3- 
acetylaainopyrrolidine (3.84 g) in the presence of sodlua 
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blc.rbon.tt <a.S2 „ to 9 ~i*V .' thyl «-(3-.c.tyl..ino-l- 

Z'ill J ! 1 ?! rl, " 2 " CN - Cyclo P"Wl-H-(2-.thoxyc.rbonyltthyl)- 
•»inoJ-5-fluoronicotln.u (8.0 «) .. .„ oil. 

Pr.par.tion of 7M3-.»ino-l-pyrrolidinyl)-l-cyclo- 
pr opy 1-6-f luor o-l , 4-dihydr o-4-oxo-l , 8-n.phthyr idin.- 
3-c.rboxylic .cid hydrochloride (by the Di.ckm.nn 
reaction B) 



F V^V COOC2H5 • rooc,H 



[y ^N^J-CH 2 CH 2 COOC 2 H 5 



CHjCONH A 




2"5 



CBjCONH 





:oob 



BCl'HjN 



Ethyl 6-(3-acetylanino-l-pyrrolidinyl)-2-(N- 
cycloprop y i.N-(2-ethox y carbo ny ieth y i)an,inoJ-5-fluoro- 
nicotinate (5.0 „ was dissolved in dry tert.-butyl alcohol 

(60 ml). To this solution was added potassium tert - 
butoxide (3.1 g) , and the aixture w ^ ^ 

temperature for 1.5 hours. After evaporation of the sol- 
vent under reduced pressure, aqueous acetic acid was added 
to neutralise the residue, followed by its extraction with 
chloroform (70 ml). The extract w „ thftn drle<J ^ ^ 

hydrous sodium sulfate, it was found that the reaction 
product contained in this solution was ethyl 7-(3-ac.tyl- 
amino-l-pyrrolidinyD-i-cyclopropyl-e-fluoro-l^^^- 

tetrahydro-4-oxo-l,8-naphthyridine-3-carboxylate by it. HMK 
•pectrua. 

To this chloroform solution was added bromine 
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(l.t 9) dropwise at room temperature with stirring. After 
stirring for 1 hour, the reaction Mixture vu washed 
sequentially with aqueous sodium thlosulfate, aqueous 

sodium bicarbonate, and water, followed by drying over 

anhydrous sodium sulfate. The chloroform was evaporated, 

ethyl acetate was added to the residue, and the resulting 

crystals were cooled and filtered to give ethyl 7-(3- 

acetylamino-l-pyrrolidinyl)-l-cyclopropyl-6-fluoro-l,4- 

dihydro-4-oxo-l,8-naphthyridine-3-carboxylate (3.2 g) , m.p. 
246-248°C. 

This compound was hydrolyzed in the sane manner 
as described in Example l-(2) to give 7-(3-amino-l- 
pyrrolidinyl)-l- C yclopropyl-6-fluoro-l,4-dihydro-4-oxo- 
l,8-naphthyridine-3-carboxylic acid hydrochloride (2.4 g), 
■up. 275-280°C (decompn.). 
Reference Example 13 

Preparation of a starting compound of formula (VI) for 
use in reaction C 

Ethyl 2-I6-(3-acetylamino-l-pyrrolidinyl)-2- 
chloro-5-f luoronicot inoyl J -3-cyclopropylamino- 
acrylate 




Ethyl 3- (2 , 6-dichloro-5-f luoropyr idin-3-yl) -3- 
oxo-propionate (1.4 g) prepared in Reference Example 10-(3) 
was allowed to react with 3-acetylaainopyrrolidine to give 
164 1 
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thy 1 3-l«-( 3-aoety la»lno-l-py f r olidinyl ) -2-ehloro-5-f looro- 
'ridin-3-yl)-3-o*oproplonate (0.7i g) as an oil. This 
■pound (0.74 g) vat treated with athyl orthofor«ate and 
a.ttic anhydride, and tha resulting oil, athyl 2-I6-(3- 

acatyla«ino-l-pyrtolidinyl)-2-chloro-3-£luoronicotinoylJ- 
3-ethoxyacrylate, was allowed to raact with cyclopropyl- 
aalne to give athyl 2-(6-(3-acetyla«ino-l-pyrrolidinyl)- 

2-chloro-5-fluoronicotinoylJ-3-cyclopropyla»inoacrylata 
(0.43 g) as an amorphous powder, ».p. 71-75°C. 
Example 12 

Preparation of 7-(3-amino-l-pyrrolidinyl)-l-cyclo- 
Propyl-6-fluoro-l,4-dihydro-4-oxo-l,8-naphthyridine- 
3-carboxylic hydrochloride (by the cyclixation reac- 
tion C) 



CH 3 CONH 



f^^:o-c-cooc 2 h 5 

pA^ci ? 

A 



CHjCONH 



P 




:ooc 2 Bj 




OOH 



Ethyl 2-16- (3-acetylamino-l-pyrrolidinyl)-2- 
chloro-6-fluoronicotinoylJ-3-cyclopropylan»inoacrylate (0.4 
g) was treated in dioxane with 60% sodium hydride to give 
ethyl 7-(3-acetylan»ino-l-pyrrolidinyl)-l-cyclopropyi-6- 
f luoro-1 , 4-dihydro-4-oxo-l , 8-naphthyr idine-3-carboxylate 
(0.25 g), m.p. 246-248°C. 

This compound was hydrolyzed in the same nanner 
as described in Example l-(2) to give 7-(3-a»ino-l- 
pyrrolidinyl)-l-cyclopropyl-6-£luoro-l,4-dihydro-4-oxo- 
l,8-naphthyridine-3-carboxylic acid hydrochloride (0.19 g), 
».p. 275-280°C (decompn.). 
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Example 13 

Preparation of ethyl 7-(3-a»ino-4-s»thtyl-l- 
pyrrolldinyl)-l-cyclopropyl-6-f luoro-1, 4-dihydro- 
4-oxo-l, 8-naphthyr idine-3-carboxylat« 



O o 



5 




7-(3-Amino-4-methyl-l-pyrrolidinyl)-l-cyclo- 
propyl-6-f luoro-1 , 4-dihydro-4-oxo-l , 8-naphthyr idine-3- 
carboxylic acid hydrochloride (6.6 g) was suspended in 
absolute ethanol. Sulfuric acid (7 g) was added to the 
10 suspension and the mixture was refluxed for 1 hour with 
stirring. After evaporation of ethanol (ca. 20 ml) , 
absolute ethanol (20 ml) was added and the mixture was 
again refluxed. This operation waB repeated three times 
and then the mixture was refluxed for 15 hours with stir- 
15 ring. After evaporation of ethanol, chloroform and 20% 

aqueous sodium hydroxide solution was added to the residue, 
and the mixture was adjusted to pH>9. The organic layer 
was separated, chloroform was evaporated under reduced 
pressure, and the residue was recrystallized from ethyl 
20 acetate to give ethyl 7-(3-amino-4-methyl-l-pyrrolidinyl)- 
l-cyclopropyl-6-f luoro-1 , 4-dihydro-4-oxo-l , 8-naphthyr idine- 
3-carboxylate (4.3 g) , m.p. 148-150. 5°C. 
Example 14 

Preparation of ethyl 7-(3-amino-l-pyrrolidinyl)-l- 
25 cyclopropyl-6-f luoro-1, 4-dihydro-4-oxo-l, 8-naphthy- 

ridine-3-carboxylate 
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In the same unntr at described in Example 13, 
except that 7-(3-amino-l-pyrrolidlnyl)-l-cyclopropyl-«- 

fluoro-l,4-dihydro-4-oxo-l,8-naphthyridin«-3-carboxylic 
acid hydrochloride was uaad in place of 7-(3-aaino-4- 

3 »«thyl-l-pycrolidlnyl)-l-cyclopropyl-«-£luoro-l,4-dihydro- 
4*oxo-l,8-naphthyridint-3-carboxylic acid hydrochloride, 
•thyl 7-(3-a»ino-l-pyrrolidinyl)-l-cyclopropyl-C-£luoro- 
l#4-dihydro-4-oxo-l,8-naphthyridine-3-carboxylat« was 
prepared, m.p. 144-146°C. 
10 gxample 15 

I Preparation of n-propyl 7-(3-amino-l-pyrrolidinyl)- 

l-cyclopropyl-6-f luor o-l , 4-dihydro-4-oxo-l , 8-naphthy- 
ridine-3-carboxylate 

0 

C00B F Y^v A r COOCH2CH 2 CH 3 

i>W r 



IS 




HC1.H 2 N A H 2 6 A 



In the sane manner as described in Example 13, 
except that 7- (3-amino-l-pyrrolidinyl) -l-cyclopropyl-6- 
f luoro-1 , 4-dihydro-4-oxo-l , 8-naphthyr idine-3-carboxylic 
acid hydrochloride and n-propyl alcohol were used in place 
of 7-(3-aBino-4-»ethyl-l-pyrrolidinyl)-l-cyclopropyl-6- 
20 f luoro-1 , 4-dihydro-4-oxo-l , 8-naphthyr idine-3-carboxylic 
acid hydrochloride and absolute ethanol, n-propyl 7-(3- 

amino-l-pyrrolidinyl)-l-cyclopropyl-6-f luoro-1, 4-dihydro- 
4-oxo-l, 8-naphthyr idine-3-carboxylate was prepared, m.p. 
125-126°C. 
25 Example 16 

Preparation of ethyl l-cyclopropyl-6-fluoro-7-(3- 
»ethylamino-l-pyrrolidinyl)-l,4-dihydro-4-oxo-l,8- 

naphthyrldlne-3-carboxylate 
1644 
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In the sane manner as described in Example 13, 
except that l-cyclopropyl-6-f luoro-^-O-methylamino-l- 
pyrrolidinylJ-l^-dihydro^-oxo-l^-naphthyridin^^ 
5 carboxylic acid hydcochloride was used in place of 7-(3- 
amino-4-methyl-l-pyrrolidinyl)-l-cyclopropyl-6-fluoro- 
1 , 4-dihydro-4-oxo-l , 8-naphthyr idine-3-carboxylic acid 
hydrochloride, ethyl l-cyclopropyl-6-f luoro-7- (3-methyl- 
amino-l-py r r ol id iny 1 ) -1 , 4-d ibydro-4-oxo-l , 8-naphthy- 
10 ridine-3-carboxylate was prepared, m.p. 164-165. 5°C 

Examples 17 to 19 show the pharmaceutical pre- 
parations containing the compounds of this invention as 
active ingredients. Compounds la and 3a are as defined 
hereinafter. 
15 Example 17 

Compound la or 3a 250 g 

Starch 50 g 

Lactose 35 g 

Talc 15 g 

20 The above components were blended with ethanol 

and granulated and filled into 1,000 capsules in accordance 

with conventional methods. 

Example IB 

Compound la or 3a 250 g 

25 Starch 54 g 

Calcium carboxymethyl cellulose 40 g 

Microcrystalline cellulose 50 g 

Magnesium stearate 6 g 

The above components were blended with ethanol, 
granulated and made into tablets in a manner known per ee . 
Thus, 1,000 tablets each weighing 400 mg were formed* 
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Compound la so g 

Uctic acid 120 9 

The above components vara dlaaolved In dlatlllad 
water efficient to make ten litera aolution* The aolution 
waa adjuated to P H about 4 with an aqueoua aodium hydroxide 
aolution, and then filled in a»pulea (10 ml) to make an 
injectable aolution. 

The chemotherapeutic activitiea of the compounds 
10 of this invention are shown in Examples 20 and 21 herein- 
below in comparison with known antibacterial agents. I The 
compounds tested comprise: 

Compound la: 7- (3-amino-l-pyrrolidinyl)-l-cyclo- 

P ro Pyl-Wluoro-l,4-dihydro-4-oxo-l,8-naphthyridine- 
" 3-carboxylic acid hydrochloride, 

Compound 2a: l-cyclopropyl-6-f luoro-7-(3-aethyl 7 

amino-l-pyrrolidinyl)-l,4-dihydro-4-oxo-l,8-naphthy- 
ridine-3-carboxylic acid hydrochloride. 
Compound 3a: 7-(3-amino-4-methyl-l-pyrrolidinyl)- 
20 1 " c y clo P ro Pyl-«-fluoro-l,4-dihydro-4-oxo-l,8-naphthy- 
ridine-3-carboxylic acid hydrochloride which was 
obtained in Example 4-(3), 

Compound 4a: 7- (3-amino-3-methyl-l-pyrrolidinyl)- 

l-cyclopropyl-6-fluoro-l,4-dihydro-4-oxo-l,8-naphthy- 
ridine-3-carboxylic acid hydrochloride, 
Compound A: 7- (3-amino-l-pyrrolidinyl)-l-ethyl-6- 
f luoro-l , 4-dihydro-4-oxo-l , 8-naphthyridine-3- 
carboxylic acid hydrochloride which is disclosed in 
Example 7 of 0. S. Patent 4,341,784, and 
0 Compound B: l-ethyl-6-f iuoro-7- (3-methylamino-l- 

pyrrolidinyl)-l,4-dihydro-4-oxo-l,8-naphtbyridine- 
3-carboxylic acid hydrochloride which is disclosed in 
Example 6 of u. s. Patent 4,341,784. 
Example 20 

The antibacterial activity in vitro la shown in 
Table 1. The numerals in the table show minimum inhibitory 
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concentration, <« C ) l» 9 /llU calculate for tt- bat*. 
«»• ainiaua inhibitory concentration! vtro dotorainod 
•ccordino to tht aotr dilution method rocoajMndod by j«p.„ 
Socitty of Chwothorapy <Cho*othtr.py, 21, 1, 76 (1981)). 
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Example 21 

la XlZS. •« icacy against syetemic infectiona in 
■lea la ahown in Tabla 2. 

Compounds vara aach dlaaolvad In delonlied water. 
3 Each of tba aolutlona waa orally (po) or lntravanoualy <i V ) 
adminiatered to mice infaetad with aach of tha tast organl- 
»ma undar tha condltlona ahown herelnbelow, and tha median 
affactlva dose (ED 50 ) waa calculatad by problt analysis. 
Tha numeral. In the table show ED <»gAg> value, calcu- 
10 lated for free base. 

Experimen tal comHn™« . 

Mice 1 Hale mice (ddY-S) weighing about 20 g 

Infection: 

Streptoc occus pneumoniae 1 
15 Intraperitoneal infection with 3 x 10 3 cells per 

mouse suspended in brain heart infusion broth. 
Streptoc occus py o genes A65 1 

Intraperitoneal infection with 3 x 10 7 cells per 
»ouse suspended in brain heart infusion broth. 
20 Escherich ia coll P-sim 

Intraperitoneal infection with about 9 x 10 6 
cells per mouse suspended in trypto-soy broth 
with 4% mucin 
Pseudomo naB aeruginosa 12 
25 Intraperitoneal infection with about 5 x 10 3 

cells per mouse suspended in trypto-soy broth 
with 4% mucin 
Medication: 

30 Pour tiBe8 ' immediately, 6, 24 and 30 hours after 

infection in case of Streptococcus pneumoniae 1 
Twice, immediately and 6 hours after infection in 
case of other organisms 
Observation: 

35 For 14 da y s 10 case of Streptocuccus pneumoniae 1 

Por 7 days in case of other organisms 
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"*>at la claimed is, " 49 " 

A 1'0-n.phthyridin. derivative of the for«ul« 



1. 



0 




r!r ln K*i' R2 R 3 are the diff rent 

and each hydrogen or lower alkyl having x to / 
carbon atoms; 

therio;; 8 '"' a Ph — tically acceptable .alt 
2 - A 1,8-naphthyridine derivative of the formula 




COOB 



and it* r>S hetein R 2 and R 3 a " as defined above, 
«d its pharmaceutical^ acceptable salt. 

^ or" l^TaUy" ^V" Clai " 

« *3 are each hydrZ ' ' * ' ^ " h 

*' A compound as claimed in claim 1, wherein p 4 

lower alkyi havina l w wnerein Itj i 8 

A compound as claimed in claim l r wherein R 
hydrogen, methyl or ethvl an H „ 1 *■ 

«• An alkvi k? w 2 R 3 MCh ^'^en. 

all. y ' WhiCh has 1 to 5 carbo « atoms, ester of 

- 1,8-naphthyridine derivative of the formula 
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wherein Rj, R 2 and Rj are as defined above; 
and ita *alt. 

7. A compound as claimed in claim 1* wherein Rj ia 

hydrogen, methyl or ethyl, R 2 ia methyl or athyl, and Rj ia 

hydrogen , methyl or ethyl. 

8. 7- (3-Amino-l-pyrrolidinyl)-l-cyclopropyl-C- 

f luor o-l , 4-dihydr e-4-oxo-l , 8-naphthyr idine-3-carboxylic 
acid and its pharmaceutically acceptable acid addition 
salt. 

9. l-Cyclopropyl-6-fluoro-7-(3-methylamino-l- 
py r rolidinyl ) -1 , 4-dihydro-4-oxo-l , 8-naphthyr idine-3- 
carboxylic acid and its pharmaceutically acceptable acid 
addition salt. 

10. 7-(3-Ajnino-4-methyl-l-pyrrolidinyl)-l-cyclo- 
propy 1-6-f luor o-l , 4-dihydro-4-oxo-l , 8-naphthyr idine-3?- 
carboxylic acid and its pharmaceutically acceptable acid 
addition salt. 

11 . 7- O-Amino-3-roethyl-l-pyr rolidinyl) -1-cyclo- 
propyl)-6-fluoro-l,4-dihydro-4-oxo-l, 8-naphthyr idina-3- 
carboxylic acid and its pharmaceutically acceptable acid 
addition salt. 

12. A pharmaceutical composition comprising as an 
active ingredient a compound defined in claim 1 and a 
pharmaceutically acceptable carrier. 

13. A pharmaceutical composition comprising as an 
active ingredient a compound defined in claim 5 or 7. 

14. A method for treatment of a bacterial infectious 
disease which comprises administering to a warm-blooded 
animal an effective amount of a compound defined in claim 
1. 
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?3 



R 2 — 4- ii-"^^,*' (D 



"herein R^ « 2 and ^ are the same or different 

and each hydrogen or lower alkyl having 1 to 5 

carbon atoms, and y is hydrogen or an aliphatic 
group; 

or its salt which comprises 

(1) reacting a compound of the formula 



X"*W (II) 



A 

wherein X is a reactive group replaceable by a 
nitrogen atom in a pyrrolidine ring having a 
hydrogen atom at position 1 of that ring, and V 
18 as defined above; 
with a pyrrolidine derivative of the formula 

*2-f]» (III) 

(ii) cv C nT reln V * 2 ^ R 3 arc a8 ^ined above, 
(ii) cyclizing a pyridine derivative of a f or ».n. 



:h 2 cb 2 cooy 

R 
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ive of a formula 

COOY 

(IV) 



01*2*4* 



- 52 - 

wherein y is the saae or different aliphatic 
group, Rj, R 2 and R 3 art as defined above; 
in the presence of a base to for* a compound of the foramla 

COOY 

(V) 

A 

wherein R^ R 2 , R 3 and Y are as defined above; 
and then dehydrogenating the cyclized compound and, if 
desired, hydrolyzing the dehydrogenated compound, or 
(iii) cyclizing a e-aroinoacrylate derivative of the formula 



OOY 

(VI) 





wherein X is halogen, Rj, R 2 r R 3 and Y are as 
defined above; 

in the presence of a base and then, if desired, hydrolyzing 
the cyclized compound, and 

(iv) if desired, converting the thus prepared compound into 
a salt thereof. 

16a A process for preparing a 1,8-naphthyridine 

derivative of a formula 

0 

COOY' 

(I)' 




wherein R^, R 2 and R 3 are the same or different 
and each hydrogen or lower alkyl having 1 to 5 
carbon atoms, and Y 1 is hydrogen or an aliphatic 
group; 

1655 O o o ^ P ft 
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or its salt which comprises reacting a compound of the 
formula 

0 



(XX) 



wherein X is a reactive group replaceable by a 
nitrogen atom in a pyrrolidine ring having a 
hydrogen atom at position 1 of that ringi and Y» 
is as defined above; 
with a pyrrolidine derivative of the formula 

R 2~r} ra (XII) 
Rj-NB 

wherein R Jf r 2 and R 3 are as defined above; 
and if desired, converting the thus prepared compound into 
a salt thereof. 

17. a process for preparing a 1,8-naphthyridine 

derivative of the formula 



Ri-NH A 



0 

^COOY 

(I) 1 



wherein R 2 and R 3 are the same or different, 
and each hydrogen or lower alkyl having 1 to 5 
carbon atoms, and Y is an aliphatic group; 

which comprises cyclixing a pyridine derivative of a 

formula 

.COOY 

(IV) 

NCH 2 CH 2 COOY 

A 
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wherein Y is the same or different aliphatic 
group, F^, R 2 and R 3 ere as defined above; 
in the presence of a base to form a compound of the fomula 

,COOY 

(V) 




vherein R 1# Rj/ R 3 and Y are as defined above; 
and then dehydrogenating the cyclized compound. 
18. A process for preparing a 1,8-naphthyridine 

derivative of the formula 

0 

^COOY 



R 2 1 / 

R^-NH A 

wherein R^, R 2 and R 3 are the same or different, 

and each hydrogen or lower alkyl having 1 to 5 

carbon atoms, and Y is an aliphatic group; 

which comprises cyclizing a B-aminoacrylate derivative of 

the formula 



(VI) 




wherein Z is halogen, and R 1# Rjr K3 and y are 
as defined above; 
in the presence of a base. 

19. A process for preparing a 1 , 8-naphthyridine 

derivative of the formula 
16 57 
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B 



(X) 



R^NH 



wherein R 2 , r 2 and R 3 are the same or different 
and each hydrogen or lower alkyl group having 1 
to 5 carbon a tons; 

or its salt which comprises hydrolyxing a 1,8-naphthyridine 
derivative of the formula 




COOY 



(I)" 



wherein Y is an aliphatic group, and r , ju and 

R 3 are as defined above; 
and if desired, converting the thus prepared compound into 
a salt thereof. 

20. a process for preparing a 1,8-naphthyridine 

derivative of the formula 




OOY 



(1)' 



wherein R r r 2 and R 3 are the same or different 
and each hydrogen or lower alkyl having 1 to 5 
carbon atoms, and Y- is hydrogen or an aliphatic 
group; 

or its salt which comprises reacting a compound of the 
formula 

O 

F 
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wherein X it a reactive group replaceable by a 
nitrogen atoa in a pyrrolidine ring having a 
hydrogen atoa at position 1 of that ring, mod y* 
is at defined above # 
with a pyrrolidine derivative of the formula 

R^NH 
Rj-NH 

whereir^ R^, Rj and R^ are as defined above; 
under stirring in an inert solvent for 5 to 120 minutes at 
20° to 180°C, and if desired, converting the thus prepared 
compound into a salt -thereof. 

21. A process for preparing a 1,8-naphthyridine 

derivative of the formula 



(I) 




wherein R^ , R 2 and R 3 are the sane or different, 
and each hydrogen or lover alkyl having 1 to 5 
carbon atoms, and Y is an aliphatic group; 

which comprises cyclizing a pyridine derivative of a 

formula 



(IV) 

NCH~CH~COOY 
$ 2 2 

A 

vberein Y is the same or different aliphatic 
group, r r 2 and R 3 are as defined above} 

in an inert solvent in the presence of a base at 10° to 

180°C to form a compound of the formula 
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*2 "t? (V) 

v« A 

wherein R^ r 2 , r 3 and y ara a- d#fined abov#> 

and then d.hydrogenating the cyclixed co»pound in an inert 
solvent in the presence of a dehydrogenating agent at 20° 
to 200 C, or dehydrogenating the cyclized compound by 
heating it at 50° to 250°C in the presence or absence of a 
solvent. 

22. A process for preparing a 1,8-naphthyridine 

derivative of the formula 



:ooy 

(I)" 




wherein R^ r 2 and R 3 are the same or different, 
and each hydrogen or lower alkyl having 1 to 5 
carbon atoms, and Y is an aliphatic group; 

which comprises cyclixing an aainoacrylate derivative of 

the formula 

0 

(VI) 

R,-NB • 

1 A 

wherein z is halogen, and R , R , r, and y are 
as defined aove; 

in an inert solvent in the presence of a base at -20° to 
150°c. 



1660 



850394G0 



0192646 



- 38 - 

23* A process for preparing a 1,6-naphthyrldlne 

derivative of the fornula 

0 

wherein R^, R 2 and R 3 are the same or different 
and each hydrogen or lower alkyl group having 1 
to 5 carbon atoms; 

or its salt which comprises hydrolyzing a l,8~naphthyridine 

derivative of the formula 



(I) 



0 

P F^^^^ICOOY 

R 2 — Cjl **^-^N^ 
Rj-NH A 

wherein Y is an aliphatic group, and R^, * 2 and 

R 3 are as defined above; 
by contacting said derivative (I)" with water in the pre- 
sence or absence of an acid or base at 20° to 150°C and if 
desired, converting the thus prepared compound into a salt 
thereof, 

24, A pocess according to claim 16 for preparing a 
compound (I) 1 wherein is hydrogen or lower alkyl having 
1 to 5 carbon atoms, and R 2 and R^ are hydrogen, and T' is 
hydrogen or lower alkyl having 1 to 5 carbon atoms; or its 
salt, 

25, A process according to claim 17 for preparing a 
compound (I)* wherein R 1 is hydrogen or lower alkyl having 
1 to 5 carbon atoms, and R 2 and R^ are hydrogen, and Y is 
lower alkyl having 1 to 5 carbon atoms. 

26, A process according to claim 18 for preparing a 
compound (!)• wherein * 1 is hydrogen or lower alkyl having 
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1 to 3 carbon .to.., . nd Rj and » ar# tach bydr09#B# awd T 
it lover alkyl having 1 to 5 oarbon atoma. 

27. a process according to claim 19 f 0r preparing a 
compound (I) wherein ^i. hydrogtn or lover alkyl having 1 
to 3 carbon atome, and R 2 and R 3 ara aach hydrogen; or it. 

S A X t • 

28. a process according to claim 16 for preparing a 
compound (I) * wherein R 2 is lower alkyl having 1 to 5 
carbon atoms, and ^ and R 3 are the earn* or different and 
each hydrogen or lower alkyl having 1 to 5 carbon atoms, 
and Y' is hydrogen or lower alkyl having 1 to 5 carbon 
atoms; or its salt. I 

29. A process according to claim 17 for preparing a 
compound (I)- wherein r 2 is lower alkyl having 1 to 5 
carbon atoms, and ^ and R 3 are the same or different and 
each hydrogen or lower alkyl having 1 to 5 carbon atoms, 
•nd Y is lower alkyl having 1 to 5 carbon atoms. I 

30. A process according to claim 18 for preparing a ' 
compound (I)- wherein R 2 is lower alkyl having 1 to 5 
carbon atoms, and ^ and R 3 are the same or different and 
each hydrogen or lower alkyl having 1 to 5 carbon atoms, 
and y is lower alkyl having l to 5 carbon atoms. 

31. A process according to claim 19 for preparing a 
compound (I, wherein R 2 is lower alkyl having 1 to 5 carbon 
atoms, R 2 and R 3 are each hydrogen or lower alkyl having 1 
to 5 carbon atoms; or its salt. 

32. A compound (I), as defined in claim 15 or its 
aalt prepared by a process according to claim 15 or its 
obvious equivalent process. 
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1* A proct«§ for preparing * l#8-naphthyridln« 

derivative of the formula 



0 

^ JL ^COOY' 



R 2 — j- N *N N 
R 1 -NH A 



wherein R^, and R 3 are the same or different 
and each hydrogen or lower alkyl having 1 to 5 
carbon atoms , and V is hydrogen or an aliphatic 
group; ' 

or its salt which comprises 

(i) reacting a compound of the formula 

X JW- (») 



wherein X is a reactive group replaceable by a 
nitrogen atom in a pyrrolidine ring having a 
hydrogen atom at position 1 of that ring, and Y 9 
is as defined above; 
with a pyrrolidine derivative of the formula 



, — h ni 



R 2 h NH (III) 

wherein R^, and are as defined above; 
(ii) cyclixing a pyridine derivative of a formula 

r> ^ COOY 

1 " (IV) 



H 2 CH 2 CXX)Y 

R^-Kh A 
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wherein Y is the same or different aliphatic 
group, R Jf r 2 and R 3 art aa defined above; 
in tht praaanca of a baaa to for* a compound of tha formula 



COOY 

(V) 



wherein R^ R 2 , R } and Y are as defined above; 
and then dehydrogenating the cyclized compound and, if 
desired, hydrolyzing the dehydrogenated compound, or 
(iii) cyclizing a a-aminoacrylate derivative of the formula 





(VI) 



wherein X is halogen, R^, R 2 # R 3 and Y are aB 
defined above; 

in the presence of a base and then, if desired, hydrolyzing 
the cyclized compound, and 

(iv) if desired, converting the thus prepared compound into 
a salt thereof. 

2* A process for preparing a 1,8-naphthyridine 

derivative of a formula 



(!)• 




wherein R jr R 2 and R 3 are the same or different 
and each hydrogen or lower alkyl having 1 to 5 
carbon atoms, and Y 1 is hydrogen or an aliphatic 

group; 
1664 
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or Its salt which comprises reacting a compound of the 
formula 

0 

X^iAi^ (XI) 



wherein X is a reactive group replaceable by a 
nitrogen atom in a pyrrolidine ring having a . 
hydrogen atom at position 1 of that ring; and Y • 
is as defined above; 
with a pyrrolidine derivative of the formula 

R 3 



R 2 — |- NH (III) 
Rj-NH 

wherein R^, R 2 and R 3 are as defined above; 
and if desired, converting the thus prepared conpound into 
a salt thereof. 

3* A process for preparing a 1,8-naphthyridine 

derivative of the formula 



(I) 




wherein Rj, R 2 and R 3 are the sane or different, 
and each hydrogen or lower alkyl having 1 to 5 
carbon atoms, and Y is an aliphatic group; 

which comprises cyclixing a pyridine derivative of a 

formula 

R 2 — f« ^ s N^NCB 2 CH 2 COOY 
16 65 R, -NH A 



85033400 



- 4 - ' 

0132645 



wherein y la the same or different aliphatic 
group, Rj, r 2 «nd R } ar« aa defined above; 
in tha praaanca of a baaa to form a compound of tha formula 




(V) 



wherein r 1# R 2 , r 3 and Y are aa defined above j' 
and then dehydrogenating the cyclized compound. 
4. A process for preparing a 1,8-naphthyridine 

derivative of the formula 



0 



i 

wherein R 1# Rj and R 3 are the same or different, 
•ad each hydrogen or lower alkyl having 1 to 5 
carbon atoms, and Y is an aliphatic group; 

which comprises cyclizing a e-aminoacrylate derivative of 

the formula 



(VI) 




wherein Z ia halogen, and R^ R J# R 3 and y are 
as defined above; 
in the presence of a base. 

5- A process for preparing a 1,8-naphthyridine 

derivative of the formula 
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wherein R J# R 2 and R 3 are the eame or different 
and each hydrogen or lower alkyl group having 1 
to 5 carbon atoms; 

or its salt which comprises hydrolyzing a 1 ,8-naphthyridine 

derivative of the formula 



(I) 




wherein Y is an aliphatic group, and Rj, R 2 and 

Rj are as defined above; 
and if desired, converting the thus prepared compound into 
a salt thereof. 

6 - A process for preparing a 1,8-naphthyridine 

derivative of the formula 

0 

F _ • COOY* 

(I) 1 




wherein R x , R 2 and R 3 are the same or different 
and each hydrogen or lower alkyl having 1 to 5 
carbon atoms, and Y* is hydrogen or an aliphatic 
group; 

or its salt which comprises reacting a compound of the 
formula 
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wherein X la a reactive group replaceable by a 
nitrogen atoa in a pyrrolidine ring having a 
hydrogen atoa at position 1 of that ring, and y< 
is aa defined above; 
with a pyrrolidina darlvatlva of tha foraul. 

Rj-HH 

wharain Rj, » 2 and R 3 ara as dafinad abova, 
under | at ir ring in an inert aolvant for 5 to 120 minutes at 
20 to 180°C, and if deaired, converting the thus prepared 
compound into a salt thereof. 

7. A process for preparing a 1,8-naphthyridine 

derivative of the formula 

' O 

wherein R^ r 2 and R 3 are the same or different, 
end each hydrogen or lower alkyl having 1 to 5 
carbon atoms, and Y is an aliphatic group; 

which comprises cyclixing a pyridine derivative of a 

formula 

r y^y^ — 

B 2 CH 2 COOY (IV) 

Rj-NH A 

wherein Y is the same or different aliphatic 
group, R r r 2 and ^ are „ defined above, 

in an inert solvent in the presence of a base at 10° to 

180 C to form a compound of the formula 
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(V) 



wherein Rj, R 2 , R 3 and Y are as defined abovei 
and then dehydrogenating the cyclixed compound in an inert 
solvent in the presence of a dehydrogenating agent at 20° 
to 200°C, or dehydrogenating the cyclized compound by 
heating it at 50° to 250°C in the presence or absence of a 
solvent. 

8. A process for preparing a 1,8-naphthyridine 

derivative of the formula 



0 




wherein Rj, R 2 and R 3 are the same or different, 
and each hydrogen or lower alkyl having 1 to 5 
carbon atoms, and Y is an aliphatic group; 

which comprises cyclizing an aminoacrylate derivative of 

the formula 

0 




(VI) 



wherein 2 is halogen, and R^ , R 2 » R3 and Y are 

as defined aovej 
in an inert solvent in the presence of a base at -20 to 
150O c# 
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9. A process for pr •paring a 1,8-nsph thy riding 

dtrlvatlv* of the formula 

0 

,COOB 



R^-NH ^ 



(I) 



wherein R 1# Rj and R 3 are the same or different 
and each hydrogen or lower alkyl group having 1* 
to 5 carbon atoms; 

or its salt which comprises hydrolyzing a 1, 8-naphthyr idine) 

derivative of the formula 



(I)" 




wherein Y is an aliphatic group, and R^, Rj and 

Rj are as defined above? 
by contacting said derivative (I)* with water in the pre- 
sence or absence of an acid or base at 20° to 150°C and if 
desired, converting the thus prepared compound into a salt 
thereof. 

10. A pocess according to claim 2 for preparing a 

compound (!)• wherein Rj is hydrogen or lower alkyl having 
1 to 5 carbon atoms, and R 2 and R 3 are hydrogen, and Y' is 
hydrogen or lower alkyl having 1 to 5 carbon atoms; or its 
salt. 

11* A process according to claim 3 for preparing a 

compound (I)" wherein R 1 is hydrogen or lower alkyl having 
1 to 5 carbon atoms, and R 2 and R 3 are hydrogen, and Y is 
lower alkyl having 1 to 5 carbon atoms. 

12 • A process according to claim 4 for preparing a 

compound (!)• wherein R 1 is hydrogen or lower alkyl having 
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1 to 5 carbon atoms, and R 2 and R } ara aach h yd r 09 an, and T 
is lower alkyl having 1 to 5 carbon atoat. 

13. A process according to claim 5 for preparing a 
compound (I) wherein Rjis hydrogen or lower alkyl having 1 
to 5 carbon atoms, and R 2 and R 3 are each hydrogen; or its 
salt. 

14. A process according to claim 2 for preparing a 
compound (I) • wherein R 2 is lower alkyl having 1 to 5 
carbon atoms, and and R 3 are the same or different and* 
each hydrogen or lower alkyl having 1 to 5 carbon atoms, 
and Y 9 is hydrogen or lower alkyl having 1 to 5 carbon 
atoms; or its salt. 

15. A process according to claim 3 for preparing a 
compound (I)" wherein R 2 is lower alkyl having 1 to 5 
carbon atoms, and R^ and R 3 are the same or different and 
each hydrogen or lower alkyl having 1 to 5 carbon atoms, 
and Y is lower alkyl having 1 to 5 carbon atoms. 

16. A process according to claim 4 for preparing a 
compound (I)" wherein R 2 is lower alkyl having 1 to 5 
carbon atoms, and R 1 and R 3 are the same or different and 
each hydrogen or lower alkyl having 1 to 5 carbon atoms, 
and Y» is lower alkyl having 1 to 5 carbon atoms. 

17. A process according to claim 5 for preparing a 
compound (I) wherein R 2 is lower alkyl having 1 to 5 carbon 
atoms , R^ and R 3 are each hydrogen or lower alkyl having 1 
to 5 carbon atoms; or its salt. 
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